ABSTRACT Ten healthy male subjects were exposed to ethylene glycol monoethyl ether (EGEE) under various conditions of exposure concentration and physical workload and their urinary excretion of ethoxyacetic acid was followed up for 42 hours. Maximal excretion of ethoxyacetic acid was reached three to four hours after the end of the four hour exposure period. Afterwards, ethoxyacetic acid excretion declined slowly with a biological half life of 21-24 hours. Ethoxyacetic acid excretion increased as the uptake of EGEE increased as a consequence of higher exposure concentration or pulmonary ventilation rate during physical exercise. On average, 23 1 + 6-3% of EGEE was recovered as ethoxyacetic acid within 42 hours and the recovery did not change as the uptake of EGEE increased. Quantitative relations between ethoxyacetic acid excretion and EGEE uptake were obtained and the relevance of ethoxyacetic acid excretion as a measure for exposure to EGEE is discussed.
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In recent years much effort has been given to the investigation of the metabolism and disposition of ethylene glycol ethers in animals. When [ '4C]-ethylene glycol ethers were given to rats or dogs, 60-80% was recovered in urine after 48 hours.' 6 Furthermore, 10-14% of the label was recovered as 14CO2 in the expired air of treated animals when the label was in the ethanol part of the molecule.' 4 When the label was in the alkoxy part, however, only 1-5% of radioactivity appeared as C02.
Methoxyacetic acid was identified as the major urinary metabolite (75-90%) in rats exposed to ethylene glycol monoethyl ether (EGME).'136 Analogously, ethylene glycol monobutyl ether (EGBE) was metabolised and excreted mostly in the form of butoxyacetic acid.7 On the other hand, two major urinary metabolites were identified in rats and dogs after the administration of the ethyl (EGEE) and isopropyl (EGiPE) ether, respectively, ethoxyacetic acid and isopropoxyacetic acid (45-30%) and their glycine conjugate (30-45%).24 Both metabolites accounted for approximately 75% of the administered dose.
Accepted 21 January 1986 Using unlabelled EGEE, however, Jonssen et al estimated the combined excretion of ethoxyacetic acid and the glycine conjugate in rats to be about 30% of the given dose. 8 Recently, we could also detect ethoxyacetic acid in the urine of man exposed to 20 mg/m3 EGEE. 9 All these findings suggest that monitoring the urinary excretion of the alkoxyacetic acids may be a useful indication of human exposure to ethylene glycol ethers. Therefore we have studied the urinary excretion of ethoxyacetic acid in man after exposure to EGEE at various conditions of exposure concentration and physical workload and its relevance as a measure of individual solvent uptake.
Materials and methods

SUBJECTS AND EXPOSURE CONDITIONS
As described previously,'0 the experimental group consisted of 10 healthy male subjects (aged 19-28) who were exposed for four hours to various concentrations of EGEE in inspired air, both at rest and during physical exercise. They were randomly assigned into two groups and took part in three experiments according to their group assignment. The 616 first group (n = 5) was exposed at rest to concentrations of 10mg/m3, 20mg/m3, and 40mg/m3 and the second (n = 5) to 20mg/m3 at rest and during standard physical exercises at 30 W and 60 W.
To avoid a possible interference with ethoxyacetic acid formation, alcohol consumption was excluded from the evening before the experiment till after the last urine sampling.
SAMPLING PROCEDURES AND ANALYTICAL METHODS
Samples of inhaled and mixed expired air were taken and analysed as described elsewhere.10
Samples of urine were collected just before the exposure period and every hour from the start till the fourth hour after the exposure. The subjects were given seven containers in which to take three two hour collections for the rest of the day and four eight hour collections during the next day. On each sample the density, urinary volume, and creatinine concentration were assessed. Ethoxyacetic acid concentration was determined gaschromatographically as the methylester according to Groeseneken etal.9 STATISTICAL ANALYSIS Data were analysed using three way analysis of variance with experimental condition, time of follow up, and subjects as main sources of variation. Single and multiple linear regression analysis were used where appropriate.
Results
TIME COURSE OF ETHOXYACETIC ACID EXCRETION
Before exposure to EGEE, ethoxyacetic acid was Groeseneken, Veulemans, Masschelein either not present in the urine or present only at concentrations near the detection limit (-0 07 mg/l). During exposure, both at rest and during physical exercise, a noticable increase in the rate of excretion of ethoxyacetic acid was observed from the first hour of the experiment (figs 1 and 2). The rate continued to increase when the exposure was interrupted and reached a maximal level three to four hours after the end of the exposure period. Thereafter a slow exponential decrease was observed with a biological half life between 21 and 24 hours. Even after 42 hours, the excretion rate had not returned to baseline values. A similar time course was obtained when ethoxyacetic acid excretion was expressed per gram of creatinine.
EFFECT OF THE EXPOSURE CONDITIONS
In the resting condition the rate of urinary excretion of ethoxyacetic acid increased (F = 28-8; p < 0-001) with an increase in exposure to EGEE. When exposed to the same concentration during physical exercise, however, the excretion rate also increased (F = 15 0; p < 0 005) as the level of work increased. In both cases the urinary excretion of ethoxyacetic acid appeared to be clearly related to the rate of uptake of EGEE, calculated as uptake rate (pg/min) = (Cl-CE) * 
INDIVIDUAL DIFFERENCES IN THE EXCRETION OF ETHOXYACETIC ACID
A single regression analysis on pooled data was performed to identify the individual factors influencing the excretion of ethoxyacetic acid.
The total amount of ethoxyacetic acid excreted within 42 hours was significantly related to the EGEE concentration in inspired air (r = 0'30; p < 0-001) and uptake rate (r = 0-83; p < 0-001). It was also related to the pulmonary ventilation rate (r= 0 70; p < 0-001) and to oxygen consumption (r = 0'53; p < 0-001) during exposure and to the heart rate during (r = 0-78; p < 0-001) and after exposure (r = 0 54; p < 0-001). Ethoxyacetic acid was negatively related to the subject's height (r= -036; p < 0-001), body weight (r = -020; p < 0 05), and lean body mass (r = -0 17; p < 005). No relation was found between ethoxyacetic acid excretion and the subject's body fat content, estimated by the skinfold thickness at four different sites. l
In multiple linear regression analysis only the relations (R = 0 99; p < 0-001) between ethoxyacetic acid excretion and EGEE uptake rate (r = 073; p < 0-001), heart rate (r = 0-58; p < 0-001), and oxygen consumption (r = 0-22; p < 0 05) during exposure as well as height (r = -043; p < 0-001) persisted. Respiratory frequency (r = -0-48; p < 0-001) was now found to be also a significant contributing factor to ethoxyacetic acid excretion.
Thus besides the rate of uptake some cardiorespiratory factors which could influence the metabolic rate of EGEE, and some indices of total volume tMorning collection of the next day.
of distribution (height, weight, lean body mass) appeared to be the determinant factors for the excretion of ethoxyacetic acid.
ETHOXYACETIC ACID EXCRETION AS A MEASURE FOR EGEE EXPOSURE
Urinary metabolite levels are usually determined on spot samples taken near the end of a complete workshift. It may be assumed, however, from our experiments that a maximal excretion rate of ethoxyacetic acid will be reached some hours later. Nevertheless, for exposures at rest and during moderate physical exercise, good correlations (r > 0 75; p < 0-001) were observed at any time after the exposure period between ethoxyacetic acid excretion (mg/g creatinine) and the time weighted EGEE uptake. This is shown in fig 3 for 
